Introduction-The aim of this study is to determine odds of aggression and associated factors in patients with schizophrenia-spectrum disorders (SSD) and affective disorders who were evaluated in an emergency department setting.
Predictors of aggression in 3.322 patients with affective disorders and schizophrenia spectrum disorders evaluated in an emergency department setting Results-An initial multivariate regression analysis showed that SSD had 3.1 times the odds of aggression, while bipolar disorder had 2.2 times the odds of aggression compared to unipolar depression. A second regression analysis including bipolar subtypes showed, using unipolar depression as the reference group, that bipolar disorder with a recent mixed episode had an odds ratio (OR) of 4.3, schizophrenia had an OR of 2.6 and bipolar disorder with a recent manic episode had an OR of 2.2. Generalized anxiety disorder was associated with lower odds in both regression analyses.
Introduction
Over the last decade, media reports of violence in the U.S. have focused in large part on mass shootings proportedly caused by individuals with mental illness, including the Aurora theater shooting, the Sandy Hook elementary school shooting and the Charleston church shooting to name a few. Such cases of gun violence have aired widely on cable news networks, with the consequence of broadly linking violent behavior with mental illness in public consciousness. Though most research finds an association between mental illness and violence, the precise nature of the relationship and the specificity of violence as a feature of certain psychiatric diagnoses remains unclear (Steadman, 1998; Mullen et al., 2000; Ballester et al., 2012) . Efforts to elucidate the relationship between mental illness and violence include the seminal MacArthur Violence Risk Assessment study and its observation of the prevalence of community violence among those with a psychiatric diagnosis in a large sample of individuals discharged from an inpatient setting (Steadman et al., 1998) . Data from the study showed that 28.5% of those diagnosed with unipolar depression committed an act of aggression in the year following discharge, compared to 22% of those diagnosed with bipolar disorder and 14.8% of those diagnosed with schizophrenia. However, researchers have since found differing rates and conditions of aggression among individuals with a psychiatric diagnosis and some even argue that mental illness is not indendently associated with aggression (Mullen et al., 2000; Elbogen and Johnson, 2009; Nielssen et al., 2012) . Despite that considerable heterogeneity exists amongst those diagnosed with schizophrenia and affective disorders, the ascertainment of accurate rates and conditions of aggressive behavior among those with such diagnoses can better inform risk assessment and public attitudes. We conducted an electronic medical records chart review to compare the odds of aggression between patients with schizophrenia spectrum disorders (SSD) and affective disorders who were evaluated in the emergency room of a tertiary hospital in New York. We hypothesized that those with a SSD would have a greater association with aggression compared to those with affective disorders.
Methods
A retrospective study was conducted using de-identified data from electronic health records (EHR) from patients evaluated at the Medical Emergency department at the Long Island Jewish Medical Center or the Health Evaluation Clinic (HEC) at The Zucker Hillside Hospital between August 3rd 2011 and July 5 th 2012. The HEC is an evaluation center taking patients who "walk in" looking for psychiatric treatment as well as those brought in for evaluation by police and/or emergency medical services.
We obtained EHR from patients with ICD9 codes: 295.00-295.95 (schizophrenia spectrum disorders) or ICD9 codes: 296.00-296.99 and 311 (affective disorders). The data extracted were obtained from the initial comprehensive psychiatric evaluation, which was conducted by an attending psychiatrist or a psychiatry resident supervised by an on-site psychiatrist. Data included (1) demographic information, (2) co-morbid diagnoses (3) current and recent homicidal thoughts and aggressive behavior; (4) current stressors at the time of the evaluation and (5) other factors including a history of abuse or neglect. Self-report was the primary means of collecting data. Of note, only a subset of patients responded to questions related to physical abuse, sexual abuse or neglect. No post-hoc definitions of homicidal ideation, intent, or plan or aggression were used for the analyses. Data regarding suicidal ideation and behavior was also collected and has been previously published (Gallego et al., 2015) . We obtained information regarding patient diagnosis directly from the EHR. Of note, the psychiatric diagnosis was entered by clinicians in the EHR after performing the routine comprehensive psychiatric assessment. Given that our study used only de-identified data, it was deemed exempt from requiring IRB approval.
Analysis by diagnostic groups
Baseline characteristics were compared by diagnostic groups. To make this comparison we initially grouped the various diagnoses in the following manner.
The SSD group was comprised of the following diagnoses: 1) schizophrenia; 2) schizoaffective disorder; 3) schizophreniform disorder; 4) patients with a concomitant diagnosis of schizophrenia and bipolar disorder (given that some subjects had both diagnoses in the database at the same time) were considered to have schizoaffective disorder.
The primary affective disorder group included the following diagnosis: 1) bipolar disordermost recent episode manic; 2) bipolar disorder -most recent episode depressed; 3) bipolar disorder -most recent episode mixed; 4) bipolar disorder not otherwise specified (NOS); 5) major depressive disorder; 6) depressive disorder NOS; 7) dysthymic disorder; 8) mood disorder NOS; 9) any combination of mood disorder diagnoses.
Analysis by aggression groups
Baseline characteristics were compared in two groups: 1) those with current or recent history of aggression (defined as aggressive behavior or thoughts within the last 6 months) and 2) those without either. Of note, the initial comprehensive psychiatric assessment conducted at the ED and HEC classified aggressive behavior as follows: 1) present; 2) unable to assess; 3) absent. Clinicians then had to choose between one of them at the time of the evaluation. For purposes or our statistical analysis and in order to be conservative, we considered those in the "unable to assess" group as "absent".
Statistical Analysis
Bivariate analyses were conducted examining the association between the two broad diagnostic groups (SSD vs. affective disorders) (Table 1 ) and aggression (Table 2 ) with other variables in the database. Categorical variables were compared using chi square test and continuous variables were compared using t-test for normality distributed variables or Wilcoxon rank-sum test for non-normally distributed variables.
A multivariate regression analysis was conducted to determine the variables that were independently associated with aggression. As a first step, we compared odds of aggression between SSD, bipolar disorder and unipolar depression using the latter as a reference group. We subsequently subdivided the SSD and bipolar disorder groups to study, in a second regression model, the potential differences between schizoaffective and bipolar disorder subtypes. The SSD group was subdivided into schizophrenia, schizoaffective disorder, bipolar type and schizoaffective disorder, depressed type. The bipolar disorder group was subdivided into bipolar disorder -most recent episode manic, bipolar disorder -most recent episode depressed and bipolar disorder -most recent episode mixed. To build the model, all variables statistically significant at a p<0.1 level were included, as well as other variables, like age and sex, that could be related to the outcome. A logistic regression analysis using a manual backwards elimination approach was conducted. P values <0.05 were considered significant (Table 3) .
Results

Baseline Characteristics
Our sample comprised of 3,322 subjects, of which 46.7% were male and had a mean age of 35.2 years (SD=19.1). Five hundred and twenty-five individuals (15.8%) were considered to have current homicidal thoughts or aggressive behavior. Four hundred and fourteen (12.5%) patients had been aggressive to others in the past six months and 227 subjects (6.8%) had been aggressive towards property. In the six months prior to evaluation, 109 patients (3.3%) had only aggressive thoughts to others, while 305 (9.2%) had aggressive behavior towards others.
The following stressors were reported by patients at the time of the evaluation: financial or relationship losses (n=478, 14.4%), despair (n=234, 7.0%), heath issues (n=223, 6.7%), anniversary of stress or loss (n=47, 1.4%) and recent humiliation and shame (n=188, 5.7%).
Baseline characteristics based on diagnostic groups
Two thousand four-hundred and two (2,402) subjects were classified as having a primary affective disorder and 920 were classified as having a SSD. The affective disorders group had a greater proportion of females (58.5%), while the SSD group was predominantly male (60.2%; p <0.001). Patients in the SSD group were older (mean age: 41.5 years old, SD=15.0) compared to the other group (mean=32.9 years old, SD=19.2; p<0.001). In the SSD group, 39% of patients had schizophrenia (n=359), 60.5% had schizoaffective disorder (n=557) and 0.4% had schizophreniform disorder (n=4). Subjects with affective disorders had higher co-morbidity diagnosis rates: panic disorder (n=70/2402, 2.9%, p<0.001) posttraumatic stress disorder (n= 129/2402, 5.4%; p<0.001) anxiety NOS (n= 138/2402, 5.8%; p<0.001) and general anxiety disorder (GAD) (n=77/2402, 3.2%; p<0.001). In terms of current aggressive behavior, the SSD group, compared to the affective disorders group, had significantly higher rates of current homicidal/aggressive behavior (n=226/920, 24.6% vs. n=226/2402,12.5%; p<0.001) and recent aggression to others (n=179/920, 19.5% vs. n=235/2402, 9.8%; p<0.001) or property (n=76/920, 8.3% vs. n=151/2402, 6.3%; p<0.001). This difference was present not only in aggressive behavior (n=50, 5.4% in SSD vs. n=59, 2.5% in affective disorders group) but also in aggressive thoughts (n=129, 13.0% vs. n=176, 7.3%; p<0.001). As per current stressors, the primary affective disorder group, compared to the SSD group, had significantly higher rates of despair (n=208/2402, 8.7% vs. n=26/920, 2.8%; p<0.001), health issues (n=183/2402, 7.6% vs. n=40/920, 4.4%; p<0.001), financial or relationship losses (n=428/2402, 17.8% vs. n=50/920, 5.4%; p<0.001) and anniversary of stress or loss (n=40/2402, 1.7% vs. n=7/920, 0.8%; p=0.048) ( Table 1) .
Baseline characteristics based on aggression
Patients in the Aggression group were mostly male (61%) compared to the No Aggression group, in which females were more common (56%). There were no statistical differences in age between the groups. The Aggression group compared to the No Aggression group had higher rates of bipolar disorder (n=145/525, 27.6% vs. n=623/2797 22.3%; p=0.008), schizophrenia (n=84/525, 16% vs. n=275/2797, 9.8%) and schizoaffective disorder (n=140/525, 27% vs. n= 417/2797, 14%) and lower rates of unipolar depression (n=76/525, 14.5% vs. n= 1100/2797, 39.3%; p<0.001) and dysthymic disorder (n=2/525, 0.4% vs. n=45/2797 1.6%; p=0.029).
With regard to comorbid anxiety disorders, the No Aggression group had higher rates of obsessive compulsive disorder (n= 90/2797, 3.2% vs. 1.5%; p=0.035), GAD (n= 80/2797, 2.9% vs. n=2/525, 0.4%; p=0.001) and anxiety disorder NOS (n=134/2797, 4.8% vs. n=12/525, 2.3%; p=0.010). In terms of current stressors, patients in the No aggression disorders group had higher rates of financial or relationship losses (n=420/2797, 15% vs. n=58/525, 11.1%; p=0.017) ( Table 2 ). There were not statistically significant differences in rates of abuse or neglect between the Aggression and No Aggression groups.
Multivariate Regression Analysis
Our first regression analysis showed, after adjusting for sex and age, that a SSD diagnosis was associated with 3.1 times the odds of aggression compared to a unipolar depression diagnosis (95% CI: [2.41, 3.87]; p<0.001) whereas bipolar disorder was associated with 2.2 times the odds of aggression compared to unipolar depression (95%CI: [1.74, 2.86]; p<0.001). Conversely, a diagnosis of GAD (OR=0.19, 95%CI: [0.05, 0.77]; p=0.02) was associated with lower odds (Table 3) .
We then subdivided the SSD and bipolar disorder groups for an additional multivariate analysis in order to assess odds of aggression among more specific diagnostic groups. Prior to entereing the variables in the model, we found that a large majority of those with a schizoaffective disorder did not have a bipolar type or depressed type entered in the EHR (549/557). Therefore, to be conservative, we did not include all those subjects with a schizoaffective disorder from this second regression analysis. Further, we found that 370 of the 768 with a bipolar diagnosis had an unspecified affective episode upon admission. We also decided not to include this group in the multivariate analysis in the interest of observing odds of aggression only among those diagnosed with a manic episode, a depressed episode, or a mixed episode upon admission. In total, we utilized the following diagnostic groups for the second multivariate analysis; schizophrenia, bipolar disorder -most recent episode manic, bipolar disorder -most recent episode depressed, bipolar disorder -most recent episode mixed, and unipolar depression, with the latter being the reference group. 
Discussion
We conducted an electronic medical records chart review to compare odds of aggression between those with an SSD and those with affective disorders. We hypothesized that those with an SSD would have a greater association with aggression compared to those with affective disorders. Our initial multivariate analysis confirms this hypothesis. However, further analysis showed that a diagnosis of bipolar disorder -most recent episode mixed had higher odds of aggression than a diagnosis of schizophrenia and schizophrenia had higher odds of aggression than a diagnosis of bipolar disorder -most recent episode manic. Of note, we found that a diagnosis of bipolar disorder -most recent episode depressed was not a statistically signficant predictor of aggression and it was dropped from the second regression analysis. Therefore, our data show that odds of aggression differ by the observation of more specific diagnostic categories.
Our finding that schizophrenia and bipolar disorder are associated with aggression has been previously described by other authors (Látalová, 2009; Mullen et al., 2000; Pulay et al., 2007 Volavka, 2013 Wallace and Wallace, 1998) . However, our data do not support findings by other authors who found that those with a SSD and bipolar disorder are not independently associated with aggression (Nielssen et al., 2012; Elbogen and Johnson, 2009) . Although a review of court documents concluded that the manic phase of bipolar disorder is not strongly associated with severe violence, the investigators studied a small sample (n=272) and restricted their definition of violence to include only homicide or attempted homicide causing serious physical injury (Nielssen et al., 2012) . Further, Elbogen and Johnson (2009) did not find elevated risk for aggression in SSD or bipolar disorder patients compared to healthy controls. Instead, they conclude that aggression was associated with historical, clinical, dispositional, and contextual factors including a history of violence, comorbid substance abuse, male sex, younger age, and recent divorce. However, individuals with a SSD or bipolar disorder may have an increased vulnerability to these contexts or stressors compared to the general population, making the study of both context and diagnosis relevant factors in the study of aggression.
Our data partially support findings by other authors stating that schizophrenia is associated with lower rates of aggression compared to individuals with a unipolar depression or bipolar disorder diagnosis (Steadman et al., 1998; Volavka, 2013) . In our study, schizophrenia was associated with lower odds of aggression compared to bipolar disorder -most recent episode mixed. The reason behind this finding is unclear but we can speculate that it may related to an interaction between mania and depression. Typically, patients with depression alone tend to internalize anger but patients with co-occuring manic symptoms may be more prone to externalize anger and irritability.
Some studies have found that mixed episodes of bipolar disorder are associated with aggression (Binder et al., 1988; Cassidy et al., 1998; Látalová, 2009) . However, to our knowledge, there is no available research directly comparing rates of aggression between mixed episodes of bipolar disorder and schizophrenia. Interestingly, we found that schizophrenia was associated with higher odds of aggresion compared to mania. This is in contrast to the findings by Volavka (2013) who reviewed the literature and concluded that rates of violence were higher in bipolar disorder compared to schizohrenia, particularly during the manic phase. Given that the emergency department clinicians did not employ formal criteria to diagnose patients but rather used clinical judgment, it is possible that individuals who presented to the emergency department with irritability and dysphoria in the context of mania were more likely diagnosed by physicians as having bipolar disorder with a current mixed episode rather than a manic episode. Therefore, it is possible that odds of aggression among those classified as having bipolar disorder with a current manic episode could be attenuated in our study.
Our finding that a diagnosis of GAD is associated with lower odds of aggression is interesting given uncertainty about the association between GAD and aggression (Bubier & Drabick, 2009) . GAD very often co-occurs with disorders like depression, other anxiety disorders and attention-deficit/hyperactivity disorder so the study of aggression in GAD in the absence of co-morbid diagnoses is necessary. However, our finding supports a claim that individuals sensitive to anxiety may avoid the unpleasant anxiety-related physiological sensations that characterize aggression (Broman-Fulks et al., 2007) .
A strength of our study includes the description of a large and representative sample of 3,322 patients with a diagnosis of a SSD or an affective disorder from a metropolitan area. We did not find any other comparable studies observing odds of aggression in a sample of individuals evaluated at an emergency department beyond those focused on studying aggression within the emergency department setting. Much of the research done on the association between mental illness and aggression has taken place in either inpatient hospital settings or in the criminal justice system, which could result in biased estimates of aggression (Elliot et al., 1986; Robins & Reiger, 1991; Harris and Rice, 1997; Nielssen et al., 2012) . Further, "aggression" is defined in this study as both thoughts and behavior, broadly encompassing both the potential for and the actualization of aggressive behavior. This is in contrast to other studies that used a very restrictive definition of aggression, such as an indicted offense.
Our study has some limitations. Self-report was exclusively used to gather data about aggression, with the potential effect of patients inaccurately reporting their aggression. Second, our data was retrospectively collected, so information about diagnosis was not fully documented, as evidenced by the lack of documentation about the subtypes of bipolar disorder and schizoaffective disorder. Information regarding substance abuse was not systematically collected in our study and therefore we cannot assess its impact on our findings. This is unfortunate, given that substance abuse has been found to significantly raise the likelihood of aggression in people with and without a psychiatric diagnosis (Elbogen and Johnson, 2009; Ballester et al., 2012; Mullen et al., 2000 , Steadman et al., 1998 . For the same reason, we lack data related to co-morbid personality disorders, though these conditions have been linked to increased rates of aggression as well (Gilbert et al., 2015; Volavka, 2013) .
As aggression is a complex human behavior, the sole use of clinical information may not be sufficient to explain it. Neuroimaging (Soyka, 2011; Hoptman & Antonius, 2015) , genetic (Hong et al. 2008; Chung et al., 2010) , and molecular (Nelson & Chiavegatto, 2001 ) studies have been conducted to try to elucidate the biology of aggression generally and in those with psychiatric diagnoses, though questions still remain. A broad integration of these techniques can help us to understand how aggression is precipiated and if individuals with psychiatric disorders confer a unique biological risk for aggressive behavior compared to the general population. Blanco et al. Page 10 
